There are reports indicating that Ca enhances N uptake and the growth of plants when N is supplied in the form of ammonium ion or as urea. The purpose of the present studies was to elucidate the effect of Ca oil foliar N absorption and growth of 'Red Delicious' (RD) apple seedlings (Mains x do,ne.st:ca Borkh.), which were foliarsprayed with urea. Also, the effect of Ca: NH 4 ratio in the rhizosphere of hydroponically-grown sour orange seedlings (SO) ( which all N was exclusivel y provided as ammonium ion with CaCl 2 :Nl-l4 molar ratios of 1.0, 1.3, 1.6, 1.9, 2.2 and 2.5. The level of Ca: NH 4 ratio had no effect on SO vegetative growth as measured by total leaf area, as well as leaf, stem, and root dry weight. At the Ca: NH 4 ratio of 1.3, however, the plants tended to have higher N concentrations in lateral and tap roots compared to those exposed to Ca:NH 4 ratios of 1:1, 1.6, 1.9, 2.2, or 2.5. Since the growth of these plants was equal to that in the other treatments, this result may also suggest the enhanced N uptake.
INTRODUCTION
Leaching of' N into deep soil layers and the potential of ground water m containation with nitrates are extremely important considerations in managing N nutrition of deciduous and tropical f'ruit tree orchards. Foliar urea sprays, which are widely used to supply N to fruit trees the world over, gained special importance alter it was discovered that they result in lower leaching N losses than those observed after regular soil N applications (Embleton et al.. 1986 ). Irrespective of the method of N application, any improvement in the efficiency of' N uptake by plants is expected to further minimize ground water contamination with nitrates.
In previous work, the application of N in conjunction with CaCl 2 was more efficient in eliminating N deficiency in field-grown grapefruit trees than when the same rates of N were applied without CaCl 2 (Swietlik, unpublished) . Several authors reported a stimulating effect of Ca on vegetative growth and N absorption by roots of bean, radish, rice, Norway spruce, and willow when these plants were supplied with NH 4 form of' N (Fenn et al., 1987; Fenn and Taylor. 1990; Sung and Lo. 1990 Borkh.), which were foliar sprayed with urea. Also, the effect of Ca:NH 4 ratio in the rhizosphere of hydroponically-grown sour orange (SO) seedlings (Citrus aurantiu,n L.) was studied in terms of the plants' vegetative growth and N uptake. Zn, 7.75 (as ZnSO 4) . Just before treatment initiation, N was withdrawn from the fertilizer solution and the seedlings were pruned to a uniform height of 50 cm and allowed to develop a single shoot.
MATERIALS AND METHODS

Apple
The plants were foliar-sprayed eight times at 10 d intervals with 83 mM urea in conjunction with 0: 10.4: 20.8; or 41.5 mM CaCl 2 2H 20. The control plants were treated with nanopure water. A surfactant, Tween 20 at 0.01% concentration, was added to all foliar sprays. The experiment was arranged according to the completely randomized block design. There were 5 single-seedling-replicates per treatment.
After II weeks, seedlings were divided into roots, stems, and leaves. All the above ground parts were washed in a solution of dishwashing liquid, rinsed in tap water and four changes of nanopure water. Leaf area was determined with a Ll-COR Model LI-3000 leaf area meter. After drying Ibr 48 h at 70°C, all plant parts were weighed and ground to pass a 20-mesh sieve. Nitrogen concentrations in various plant tissues were determined using a Leco Model-428 Nitrogen Analyzer (Leco Corporation, St. Joseph, Ml).
Results were analyzed statistically using single degree of freedom contrasts and planned F-tests to answer the following questions: I) Was there a response to foliar urea application? This question was answered by comparing the control with all the treatments receiving urea foliar sprays (with or without CaCl 2 ); 2) Did additions of CaCl 2 to the Rliar urea sprays induce plant responses? This question was addressed by fitting linear, quadratic and cubic polynomial regression equations to the urea foliar sprays treatments containing 0, 10.4, 20.8, or 41.5 niM CaC12.
Sour Orange Study-Experiment 2
Approximately 6-month-old sour, greenhouse-grown sour orange seedlings were transferred to I-liter brown plastic bottles lilled with continuously aerated nutrient solution containing (in mM): N. 5 [as Ca (NO3)2 1 Treatments consisted of different Ca: NH 4 molar ratios in the nutrient solutions: I .0: 1.3; 1.6; 1.9; 2.2 and 2.5. These ratios were created by adding additional CaCl 2 to the base nutrient solution. The plants were arranged in a completely randomized block design. There were 6 single-seedling-replicates per treatment. The nutrient solutions were changed weekly.
After six weeks, the seedlings were divided into roots, stems, and leaves and the t ISSUeS were anal yzed ftr N concentration using the methodolo gy described for Experiment 1. The results were analyzed statistically using linear, quadratic and cubic polynomial regression analysis.
RESULTS
Apple Study: Experiment I
Irrespective of the addition of CaCl 2, foliar urea sprays significantly increased vegetative growth of apple seedlings as measured by leaf, stem, and root dry weight and total leaf area ( Table 1 ). The addition of CaCl2 to foliar urea sprays had no effect on leaf and stem dry weight but reduced total leaf area and root dry weight particularly at 10.4mM (leaf area and root dry weight) and 41.5 mM (root dry weight).
Foliar urea sprays also increased N Concentrations [it stems and roots irrespective of CaCl 2 concentrations (Table 2) . Increasing the CaCl 2 concentration in the foliar urea spray, increased N concentrations in stems and roots but had no effect on leaf N.
Sour Orange Study: Experiment 2
Increasing the Ca:NH 4 molar ratio in the rhizosphere of sour orange seedlings had no effect on leaf' stem, and root dry weight and total leaf' area (Table 3) . Similarly, no effect was observed on N concentration in various seedling's tissues (Table 4) . At Ca:NI-14 molar ratio of 1 .3. however, there was a tendency for elevated concentration of N in the tap and lateral roots.
DISCUSSION
The stimulating etcc( of Ca on plant growth, when applied in conjunction with the ammonium form of nitrogen to the roots, was not observed in this study. These results arc contrary to the earlier work by Taylor et al. (1985) with a variety of vegetable crops, (1994) with beet. The fact that in apple (Experiment I) the two nutrient elements were applied to the foliage and not as a soil application to roots may explain the different response.
The above explanation of the lack of positive interaction between Ca and the ammonium form of nitrogen, however, does apply to sour orange (Experiment 2) in which the two nutrient elements were applied to the roots. The possibility exists that the Ca-NH4 interaction was not inducible by the Ca and NH 4 concentrations used in this study. The goal was to elucidate the Ca-NH 4 interactions using the concentrations of these elements that are considered normal from the standpoint of plant mineral nutrition. A similar approach was followed by the researchers cited above. The concentrations of Ca in the rhizosphere in Experiment 2 ranged from 5 to 12.5 mM and were very similar to those used by Taylor et al. (1985) , Fenn et al. (1987), Fenn and Taylor (1990) , Sung and Lo (1990 ), Fenn et al. (1991 ), and Fenn ci al. (1994 . Also, in the studies by Fenn and Taylor (1990 ), Fenn ci al. (1991 ), and Fenn et al. (1994 , Ca was used in the form ofCaCl 2 as was done in this study. Thus, the variability in the accompanying anion could not explain the different results between this and the other studies.
The concentration of NH4 in the rhizosphere in Experiment 2 was 5 mM and identical to that used by Fenn and Taylor (1990) for radish and Fenn et al. (1991) for onion. However, 10mM of NH 4 was chosen to study Ca-NH 4 interaction by Taylor et al. (1985 ), Fennel al. (1987 ), and Fenn et al. (1994 on selected vegetable plants, beans and beet, respectively. Where the differences in NH 4 rhizosphere concentrations existed between the studies, they most likely reflected differences in N requirements of the different crops. It must be noted that in this study, all the sour orange seedlings grew very well, looked healthy and did not display deficiency or phytotoxicity symptoms in response to the treatments. In this and in many of the previous studies (Taylor et at.. in the form of (N1-1 4 00 4, thus again eliminating the possibility that different accompanying anions could be responsible for different responses in this vs. other studies.
Contrary to the growth data, increasing CaCl 2 concentrations in the urea loliar sprays, increased N levels in new stems and roots of apple but had no effect on N concentrations in leaf apple tissues (Table 2 ). These data suggest that the presence of CaCl2 in the urea foliar sprays increased Ibliar translocation from leaves to stems and roots. Since the amount of root and stem growth was reduced particularly, at 10.4 mm and 41.5 mM CaCl2 concentrations (]able I), the increased N concentrations could have resulted from the diminished dilution of N by plant growth. The magnitude of growth decreases in roots and stems, however, was less than the magnitude of N concentration increases, thus strongly pointing to the elevated translocation of N in response to CaCl2 addition to the urea foliar sprays. Total N uptake by plants calculated on the basis of dry weights and N concentrations in various tissues showed no evidence of elevated N uptake (data not shown).
All facts indicate that this is the first report indicating that the addition of CaCl 2 to foliar urea sprays stimulates translocation of foliar-absorbed nitrogen in apple plants to stems and roots. It must be pointed out, however, that the present and the previous studies were not designed to separate the effect of Ca from that of the accompanying Cl anion. Clearly more research is needed to address this question.
CONCLUSIONS
The addition of CaCl 2 to foliar urea sprays enhanced the translocation of foliarabsorbed N in apple seedlings to stems and roots. This enhanced translocation, however, did not stimulate vegetative growth. Increasing CaCl 2 concentrations in the rhizosphere of sour orange seedlings in the presence of ammonium form of nitrogen had no significant effect on vegetative growth but at Ca:NH 4 ratio of 1.3 had a tendency, albeit statistically nonsignificant, to enhance concentration of N in the tap and lateral roots. Since the growth of these plants was equal to that in the other treatments, this result may also suggest enhanced N uptake.
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